Recently the amino acid sequences of the K88ab 
Recently the amino acid sequences of the K88ab and the CFA1 fimbrial proteins from enteropathogenic Escherichia coli have become available. To elucidate the immunological interrelationships among the K88 family of antigenic variants, and to estimate the nature and position of the antigenic determinants in the K88 and CFA1 proteins, the positions of these features in the amino acid sequences have been predicted. This has been done by computerized algorithms, incorporating such factors as hydrophilicity and secondary structural potential. Some of the predicted determinants of K88 show good correlation with the known sequence differences between the antigenic variants of this protein. The presented results point to a possible use of synthetic vaccines against fimbriated pathogenic E. coli strains.
Strains of enterotoxigenic Escherichia coli play a major role in diarrheal diseases in animals and humans. It has recently become evident that the ability of bacteria to colonize the intestinal epithelium often is a necessary prerequisite for their potential as pathogens (20) . On the surface of E. coli thin threadlike protein structures called fimbriae confer the ability of specific attachment of bacteria to host intestinal mucosa (7, 9, 14) . Furthermore, the strategic role that these adherence factors play in the host-pathogen relationship has provoked much interest in the potential of fimbriae as vaccination factors (1, 18, 19, 22) .
The complete amino acid sequences of the K88 and the CFA1 fimbrial proteins have recently been elucidated as the first of these colonization factors (15, 16) . The K88 antigen, conferring specific adherence to porcine intestinal mucosa, has been found to exist in multiple antigenic variants, i.e., K88ab, ac, and ad (12) . Furthermore, the immunological differences among the variants have been found to originate from sequence differences in the corresponding fimbrial proteins (10, 11) . The CFA1 fimbriae found on diarrhea-causing enterotoxigenic E. coli isolated from humans confer specific adherence to human intestinal epithelium.
CFA1 fimbriae, like K88 fimbriae, consist of around 100 identical subunits held together in a fixed pattern by noncovalent subunit-subunit interactions, which have been proposed to be predominantly of hydrophobic character (11, 15) . Therefore, a large fraction of a single subunit is expected to be buried in the fimbrial superstructure, hidden from the surrounding aqueous milieu and unattainable for the immunological defence of the host. On the other hand, certain segments of the peptide chain must obviously be exposed on the surface of a fimbria, and part of these segments must be able to interact with the immune system of the host.
On the basis of the amino acid sequences (15, 16), we have, by computerized algorithms, predicted the potential antigenic determinants and secondary structures of the two bacterial colonization factors K88 and CFA1.
MATERIALS AND METHODS
Antigenic determinants are located on those parts of the molecule that project into the medium (3). These regions are often concurrent with local maxima of hydrophilicity along the peptide chain, i.e., segments that are rich in charged or polar amino acid residues or both and are depleted in hydrophobic ones (13) . How- ever, it should be kept in mind that not all surface features of a molecule necessarily are antigenic determinants (3, 4) .
In locating the potential antigenic determinants of the K88 and CFA1 fimbriae we have primarily relied on the method of Hopp and Woods (13 (Fig. 1) . Another prominent peak (residues 63 to 68) is concurrent with a Chou and Fasman helix prediction. The amino acid sequences of the potential antigenic determinants of the K88ab sequence are listed in Table 1 in order of decreasing probability.
Comparison of the K88ab sequence with the partial K88ad sequence reveals that the amino acid exchanges in the C-terminal part of K88ad result in a rather strong change in the profile (Fig. 1) . This suggests that the observed immunological differences between the K88ab and K88ad fimbriae are partly or fully represented by these changes, i.e., the segment 213-219 corresponds partly or completely to the b antigenic factor. The N-terminal sequence of the ad variant is identical to that of the ab variant, and consequently the segment comprising residues 19-24 may account for an antigenic determinant belonging to the a factor (an antigenic factor consists of one or more determinants). Likewise, the 114-120 segment, identical in the ab and ad variants, could contribute to the a factor (Fig. 1) .
In the case of the CFA1 protein, the Hopp and Woods algorithm assigns to the sequence stretch encompassing residues 93-99 the highest probability for being an antigenic determinant. However, the Chou and Fasman method assigns to this region the highest potential for ot-helix configuration encountered in the present survey. For this reason, we think that this part of the structure does not qualify as the principal antigenic determinant. At least this segment cannot be expected to interact with the immune system of the host as a continuous antigenic determinant (4) . However, it is with high probability located at the surface of the CFA1 fimbria, although presumably with a lower antigenic potential. Other parts of the CFA1 peptide chain seem to qualify better as antigenic determinants, such as the region spanning residues 52-57 which partly coincides with a strong reverse-turn prediction (Fig. 1) . The potential antigenic determinants of the CFA1 protein are represented in Table 1 . It should be mentioned that. the peak levels in the Hopp and Woods curve for CFA1 generally are consistently lower than the K88ab peak levels (Fig. 1) .
Peptides, including those harboring antigenic determinants, whether synthetic or liberated from the protein by enzymatic action, to a large extent assume the conformation and thereby the antigenicity they possessed in the context of the original protein (3, 4, 6, 13) . Thus, we expect that the antigenicity of the proposed segments in the K88ab and CFA1 proteins can be tested in appropriate immunoassays by the ability of these peptides to inhibit aggregation of antibodies raised against the parent proteins with the parent proteins themselves. Synthetic peptides, such as those listed in Table 1 , or selected peptides stemming from the elucidation of the primary structures (15, 16) may be used. Another well-established approach would be to raise antisera against peptides coupled to suitable polymeric carriers (2, (4) (5) (6) and thus to test them indirectly by reacting the resulting sera with intact fimbriae or fimbriated bacteria. Thus, the present prediction of antigenic determinants in these adhesion factors may be envisaged to be valuable in designing synthetic vaccines against pathogenic E. coli.
